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Description 

This invention relates to blood clot filters of 
the pemnanent metallic type, 
that may be placed in the inferior vena cava, 
one of the two main veins for returning blood to the 
heart. 

Their purpose is to stop large clots or thrombi 
from traveling. 

typically from the leg veins, through the inferior 
vena cava, to the heart. 

If such clots reach the lungs, they would occlude 
the flow of blood and possibly lead to death. 

Filters of this type are typically formed of fine 
wire legs attached to a head or nose cone. The 
wire legs have a conical aspect in order to channel 
emboli (or clots) toward the center of the filter, to 
the nose cone near the apex of the filter. The filter 
thus may trap clots of approximately three millime- 
ters or larger. The clot, depending on its age and 
nature, may stay permanently in the filter or may 
be resorbed by the body. 

One blood clot filter of particular effectiveness 
is a prior commercial embodiment of 
US-A-3 952 747 (KIMMELL). sold by 
Medi-Tech Incorporated of Watertown. Massachu- 
setts, under the trademark GREENFIELD®; i. e, (cf. 
Infra Figs. 1,2): 

a blood clot filtration device for filtering solid and 
semisolid materials from a liquid moving along a 
vessel axis of a tubular vessel, said filtration device 
having a device axis and comprising a head (14) 
and a plurality of legs (16) having divergent leg 
portions, each said leg secured at one of its ends 
to said head and each having securing means on 
its end distal with respect to said head; and at least 
one generally U-shaped bend intermediate its end. 

The prior commercial KIMMELL filter has stain- 
less steel wire legs extending from a large head. 
The legs are arranged in a conical aspect, each leg 
bent to form a number of linear segments generally 
tangent about the conical aspect to increase the 
filtering effect. When the filter is inserted into a 
blood vessel, the head and the apex of the cone 
are positioned downstream in the blood flow. The 
remote ends of the legs are positioned upstream in 
the blood flow and are engaged with the vessel 
wall. 

Blood vessel filters have previously been intro- 
duced into a vessel surgically, by cutting down to 
and then into a vein, using surgical blades. The 
filter, confined within a metallic capsule, has been 
introduced through a catheter. Once in position, the 
filter has been dislodged from the capsule using a 
pusher, and the capsule and attached catheter re- 
moved. Typically, the surgical procedure has re- 
quired two special teams of physicians, including a 
surgeon and a radiologist, and it is not uncommon 



for the procedure to take up to 2 hours. 

More recently, certain filters have been insert- 
ed percutaneously. 

The advantages of this technique include reduced 
5 trauma and shortened operating time. 

However, the applicability of this technique has 
been limited In the case of the preferred KIMMELL 
type of filter. 

The technical problem of the invention re- 
70 garding this prior art (KIMMELL) is to provide 
blood clot filters of the permanent metallic type, 
that may be placed 

in the inferior vena cava, one of the two main veins 
for returning blood to the heart, 
75 having significant improvement, spec. 

enabling their percutaneous introduction over 

a wide range of patient population and inferior vena 

cava size. 

The soiution to this problem is accomplished 

20 by 

the characterizing part of claim 1. 

The advantages spec, over the prior commer- 
cial KIMMELL filter 
are discussed in detail infra: 
25 "Comparison with Prior Commercial Kimmell Rl- 
ter". 

FR-A-2 570 288 (CELSA) incidentally discloses 
a blood clot filtration device with 
legs comprising a first linear leg portion between a 
30 head and a divergent leg portion, said first linear 
leg portion 

having a predetermined length emanating distally 
from said head and 

being arranged generally parallel to the device axis 

35 of said filtration device. 

In one aspect the invention features 
a filter of the type mentioned having, a head; a 
plurality of legs having divergent leg portions, each - 
leg secured at one of its ends to the head, each 

40 having securing means on its end distal with re- 
spect to the head and at least one generally U- 
shaped bend intermediate its end, with the im- 
provement that each leg further comprises a first 
linear leg portion between the head and the diver- 

45 gent leg portion, the first linear leg portions having 
a predetermined length emanating distally from the 
. head, the first linear leg portion being arranged 
generally parallel to the axis of the device. 

According to another aspect of the invention, 

50 first leg portions emanating from the head closely 
surround a central member, the head being formed 
of the metal of the ends of the first leg portions and 
of the central member, the central member serving 
to provide lateral support when the legs are com- 

55 pressed togther. 

In preferred embodiments, the legs and the 
head are formed of a titanium alloy, preferably the 
alloy being at least 50 percent by weight titanium 
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and the head comprises a bead formed by fusing 
the legs. 

According to another aspect of the invention, 
with the head comprising a bead formed by fusing 
the legs, each of the legs comprises: a) a first 
linear leg portion of predetermined length emanat- 
ing distaily from the head in a direction upstream 
of the direction of blood clot movement within the 
vessel, the first linear leg portion arranged gen- 
erally parallel to the axis of the device, b) a sec- 
ond, multi-angled leg portion of relatively greater 
length than the first linear leg portion, the second, 
multi-angled leg portion extending generally out- 
wardly from the distal end of the first linear leg 
portion, at an acute angle to the axis to form, with 
second, multi-angled leg portions of other legs, a 
conical aspect, the second, multi-angled leg portion 
comprising a series of discrete linear segments 
arrayed generally tangent to a cone defined by the 
set of second, multi-angled leg portions, and c) a 
hook portion at the distal end of each of the legs, 
extending outwardly, away from the axis, in a man- 
ner for engaging the blood vessel wall to fix the 
position of the device there within, and the legs and 
the head being formed of a titanium alloy. 

In further preferred embodiments of the inven- 
tion, the diameter of the bead that forms the head 
is of the order of less than about 3mm: the diam- 
eter of the base of the conical aspect of the device 
measured at the intersection of the second, multi- 
angled leg portions and the hook portions is be- 
tween about 28 and 48 mm. preferably the device 
is adapted to be introduced into the blood vessel 
within a tubular cavity of an introducing cartridge, 
the cavity within which the device is disposed for 
insertion having an inner diameter of the order of 
between 3 to 4 mm; the length of the first linear leg 
portion is of the order of about 0.5 to 2 mm; and 
the overall length of the device along the axis, 
within the blood vessel, is of the order of about 50 
mm. 

According to another aspect of the invention 
there is provided a blood clot filtration device 
adapted for implantation percutaneously via a tubu- 
lar cavity of an introducing cartridge, into a blood 
vessel of the body, the cavity within which the 
device is disposed for insertion having an inner 
diameter between about 2 and 4 mm, the filtration 
device comprising: a head and a plurality of legs 
extending therefrom, the head comprising a bead 
formed by fusing the legs and having a diameter of 
the order of less than about 3mm, each of the legs 
comprising: a) a first linear leg portion of predeter- 
mined length emanating distaily from the head in a 
direction upstream of the direction of blood clot 
movement within the vessel, the first linear leg 
portion arranged generally parallel to the axis of the 
device, the predetermined length being of the order 



of about 0.5 to 2mm, b) a second multi-angled leg 
portion of relatively greater length than the first 
linear leg portion, the second, multi-angled leg por- 
tion extending generally outwardly from the distal 
5 end of the first linear leg portion, at an acute angle 
to the axis to form, with the second, multi-angled 
leg portions of other legs, a conical aspect having a 
diameter at the base of between about 30 and 
50mm, the second, multi-angled leg portion com- 

10 prising a series of discrete linear segments arrayed 
generally tangent to the cone defined by the sec- 
ond, multi-angled leg portions, and c) a hook por- 
tion at the distal end of each leg extending out- 
wardly, away from the axis, in a manner for engag- 

15 ing the blood vessel wall to fix the position of the 
device therewithin, and the legs and the body 
being formed of a titanium alloy, the overall axial 
length of the device in position within the blood 
vessel being of the order of about 50mm. 

20 The blood clot filtration device of the invention, 
without detrimental yielding of the metal or loss of 
function, can be confined to a very narrow diameter 
for insertion percutaneously using narrow catheter 
tubes e.g., 1 1 French or 3.7 mm internal diameter; 

25 the original conical aspect of the jegs is regained 
even after insertion via the narrow catheter tube; 
and the legs exert appropriate force against the 
vessel walls upon positioning. 

The filter achieves a filtering efficiency and 

30 capacity similar to that of the prior commercial 
Kimmell filter, retaining thromboemboli large 
enough to produce clinically significant pulmonary 
embolism. It passes a sufficient quantity of small 
thromboemljoli to prevent either acute or insidious 

35 filter clogging, and permits lysis of the retained 
thromboemboli. Further, it helps to avoid the gen- 
eration of new thrombi (or growth of retained em- 
boli) from local stasis or turbulence in venous flow, 
in a wide range of diameters of inferior vena cavae. 

40 Anchoring of the filter within a cava is achieved 
using approximating similar forces to those of the 
prior commercial Kimmell filter, but over an in- 
creased range of cavae sizes. There is no proximal 
migration, even when severe mechanical forces are 

45 applied, nor distal migration, beyond the range 
exhibited by the prior commercial Kimmell filter. 
Radial penetration through adventitia is also within 
limits that have been acceptable historically. Fur- 
ther, it is believed that the filter can be maintained 

50 in situ for extended periods (of at least 8-10 years) 
without loss of the original chemical and mechani- 
cal properties, and with no corrosion, fatigue, or 
yielding, under even severe mechanical strain, and 
even in large diameter megacavae, e.g., up to 

55 30mm in diameter. 

Other features and advantages of the invention 
will be apparent from the following description of 
the preferred embodiment, and from the claims. 
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Description of the Preferred Embodiment 

The drawings will first briefly be described. 
Drawings 

Rgure 1 is a diagramnDatic representation of a 
prior art filter as described in Klmmell U.S. 
3.952,747, in situ; and Rgure 2 is a plan view of 
the prior arfKimmell filter observed fronn above 
the head. 

Rgure 3 is a side view of a preferred embodi- 
ment of the blood clot filtration device of the 
present invention; 

Rgures 4 and 5 are plan and side views respec- 
tively of the head area of the device; 
Rgure 6 is a plan view of the device, observed 
from below the head; 

Rgure 7 is a diagrammatic representation of one 
leg of the device; 

Rgures 8a and 8b are diagrammatic representa- 
tions of the strain on a leg in the prior art device 
and the present invention, respectively; 
Rgure 9 is a diagrammatic representation of the 
relationship between force exerted by filters of 
the invention and prior art filters, on a vena cava 
wall versus cava diameter; 
Rgure 9a is a diagrammatic representation of 
the filter of the invention illustrating points of 
stress exerted on a cava; and 
Rgure 10 is a diagrammatic plan view of a kit 
for inserting the filtration device of the invention 
percutaneously. 

Prior Art 

The prior art filter described in Kimmell U.S. 
Patent 3,952,747, incorporated herein by reference, 
is shown in Rgs. 1 and 2. Briefly, the prior art 
Kimmell filter has six legs 100 which are squeeze- 
fitted into a large head or nose cone 102. all made 
from stainless steel. This filter has been inserted 
percutaneously using a 24 French catheter but 
usually has been inserted surgically. It is shown 
positioned in a cava 103. of diameter about 20 mm. 
with head 102 downstream relative to blood flow, 
shown by arrow 104. The leg bends, such as 
shown by number 106, and their positioning are 
shown in Rg. 2. 

Structure of the Preferred Embodiment 

Referring to Rgs. 3, 4 and 5, the preferred 
embodiment of the blood clot filtration device 10 of 
the invention consists of six legs 12 protruding 
from a head or nosebead 14, both being of 
biocompatible titanium alloy beta III (ASTM grade 
10, obtained from Ormco Corporation of Glendora, 



California, and designated TI-11.5Mo-6Zr-4.5Sn, 
with major alloy elements molybdenum (10-13%), 
Zirconium (4.5-7.5%) and Tin (3.75-5.25%)). The 
legs 12, e.g., wire of diameter Dw. about 0.018 inch 

5 (0.5mm), each have: a first linear leg portion 13 
lying parallel to axis E of the filter, for distance Hn, 
e.g., about 1 mm, a nose bend 15, a second multi- 
angled leg portion 16 of relatively greater length 
than the first linear leg portion, angling outwardly 

10 from the distal end of the first leg portion away 
from axis E, to define, with other second leg por- 
tions, an imaginary cone with base 20, shown as 
dotted lines; and outwardly directed hooks 22. The 
second leg portions 16 consist of a series of dis- 

75 Crete linear segments arrayed generally tangent to 
the surface of tiie imaginary cone in a manner to 
increase the efficiency of the filtering effect. The 
diameter of the base of the filter is Db, about 38 
mm. and the overall length of the filter is L, about 

20 50 mm. The linear leg portions 13 of all of the legs 
are closely arranged in a hexagonal pattern about 
central leg stub or segment 24 and the ends of all 
of these legs are joined at the apex in proximal 
head or nose bead 14, formed by fusing the ends 

25 of legs 12 and central leg stub 24 together. 

Referring to Rg. 4, the six legs 16 are located 
at angle Or apart, about 60*, with maximum clear- 
ance between the wires, e.g. about 0.002 inch (0.05 
mm). The width of the resulting nose is Wn about 

30 0.06 inch (1.5 mm). Nose bead angle at nose 
bend 15 is about 23* and bead reinforcement 
angle Bb is less than 35 • . Referring to Rgs. 6 and 
7, leg 12 has maximum extensions A (0r) of about 
13*. The minimum radial distance from nose bead 

35 14 to first concave edge Ai , is 0.03 inch (1.66 mm) 
and to first convex edge Bi is about 0.08 inch (2.0 
mm). Total leg length P is about 1.85 inch (47 
mm), and total bent span Q is about e.g.. 0.85 inch 
(22 mm). Unbent lengths R and S are about 0.32 

40 inch, and 0.72 inch (8.13 and 18.29 mm), respec- 
tively, and regions T, U, V, and X about 0.66. 0.12. 
0.13. and 0.16 inch (16.7, 3.05, 3.3 and 4.06 mm), 
respectively, with angle dy about 40 * . Distances Y 
and Z are respectively about 0.1 1 and 0.055 inch 

45 (2.79 and 1.40 mm). 

Referring to Rg. 3. nose bead 14 of peircuta- 
neous filter 10 is formed by the molten metal of six 
legs 12 and leg stub 24 as they melt. Leg stub 24 
is of length Lc, for example, about 2 mm. The six 

50 legs and leg stub are held in a fixture and are 
fused (e.g., by cast or arc welding) at the point 
where the legs meet, so that, under the influence of 
surface tension, the legs melt to form a small, solid 
spherical bead 14. The nose bead has a diameter 

55 Wb, about 2 mm. and height Hb. about 0.07 inch 
(1.8 mm). 

The wires forming legs 12 are formed into tirst 
linear portion 13, second multi-angled portion 16 
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and hook 22 against a steel guide in such a way 
that there is an alternating bend circumferentially 
oriented to produce a characteristic conical struc- 
ture. Hook 22 has length U. about 1.8 mm, and is 
angled at angle 0h, about 34' . The bends 38 in leg 
wires 12 are formed by bending the wires at an 
angle of 130-150*. Hook 22 is formed mechani- 
cally by bending the distal end of wire 12 over a 
mandrel. Hook 22 is then sharpened on three sides 
against an abrasive wheel. Nose bend 15 is made 
to form first linear portion 13 near to bead 14, 
parallel to axis E of filter 10. The leg 12 then bends 
slightly outwardly on the major angle of the cone 
and passes through a series of bends as described 
above. 

Diameter Db and the length of first linear por- 
tion 13. from nose bend 15 to nose 14. as so 
determined, allows the filter to fit into a small 
diameter carrier tube, e.g.; of approximately 12 
French (inner diameter of about 3.7mm), and still 
be able to spring open to the full diameter of the 
appropriate cava (10 - 30mm). Diameter D and 
length A of the first linear portion 13 are selected 
relative to the overall length of the filter and the 
desired base diameter so the legs have sufficient 
spring force to engage the wall of the cava, but 
with force not so strong as to present a danger of 
rupture to the cava. If bead 14 and hook 22 are 
regarded as two ends of a beam, by selecting an 
appropriate distance Hn, e.g., about 1mm, move- 
ment of hook 22 towards axis E, e.g., in compress- 
ing the filter for insertion into the blood vessel with 
a small diameter cartridge, applies stress to both 
nose bend 15 and the site of attachment of leg 12 
to nose bead 14. Due to the arrangement shown, 
the stress is distributed over a large area, and the 
likelihood of permanent deformation is made less 
than in prior art filter devices. (Were the metal to 
yield the filter might become too small in diameter 
to engage the walls of a cava at all.) 

One of the advantages of nose extension 13 is 
illustrated in Fig. 8A and B. Fig. 8A represents a 
filter compressed within a tube without extension 
13. Rg. 8B similarly represents a filter with exten- 
sion 13. Referring to the figures, solid lines 66 and 
68 inside tube 70, of inner diameter, D, about 11 
French, respresent the filter legs when bent to fit 
into tube 70; dotted lines 72, 74 outside the tube 
represent the filter In its non-compressed configu- 
ration. The corresponding lever arms Xn and Xp 
and radii of curvature rw and rp are shown. Without 
extension 13, Xn and rw are small and thus com- 
pressive forces on bent wire 66 are great, and 
distortion of the wire is likely. With extension 13, Xp 
and rp are large and the forces on wire 68 are 
small, with little chance of permanently deforming 
the wire. Shear and bending stresses are much 
lower for Rg. 88 than Rg. 8A, so yielding of wire 



68 is unlikely. 

The titanium alloy used to construct the pre- 
ferred embodiment has about three times as much 
elasticity as other possible alloys such as stainless 
5 steel and thus help to avoid unwanted permanent 
deformation. Referring to Fig. 9, curves X and Y 
describe the relationship between stress exerted 
upon tissue by a stainless steel filter (curve X) and 
a titanium filter (curve Y) and the cava diameter in 

10 which the filter is placed (Rg. 9a). Both curves 
roughly describe a straight line intercepting at the 
optimal stress value in an average cava diameter of 
20mm. From Rg. 9, it can be calculated that if a 
stainless steel filter of an initial diameter of about 

75 30 mm were released into a cava whose diameter 
were 30 mm, it would rest there without exerting 
any stress on the cava wall. As the size of the cava 
decreases in diameter, the force on the cava wall 
would increase linearly. In contrast, the equivalent 

20 titanium filter of the present invention has a resting 
diameter of about 38 millimeters. The curve relat- 
ing force to the diameter of the filter at rest is also 
a straight line (curve Y, Rg. 9), but one which is 
less steep than that for stainless steel. The limits to 

25 the force that can be exerted against a cava are 
shown at points V, W in Fig. 9. If the force exerted 
by a filter on a cava is on the low side, the filter 
would be less secure against Incidental movement, 
e.g., due to movement by the patient or due to an 

30 embolism caught in the filter. If the force is on the 
high side, there is a risk of perforation of the wall of 
the cava by the filter. The advantage of the titanium 
filter is that, because its resting diameter is greater, 
It exceeds the desirable minimum force earlier than 

35 the stainless steel filter and thus can be used for 
larger cava than stainless steel filters. On the other 
hand, when the titanum filter is in a smaller cava, it 
exerts less force than the stainless steel filter on 
the walls of the cava. Thus, there is less risk of 

40 perforation of smaller cava diameters. 

A further advantage of the titanium alloy filter is 
that it has a high tolerance to mechanical strain. 
This allows a filter of the invention to be inserted 
into a cartridge of smaller diameter than the equiv- 

45 alent prior art stainless steel filter, and thus in- 
serted into a cava using a narrower catheter. Thus, 
the filter of the Invention can be readily inserted 
percutaneously. > 

Referring to Rg. 10, a kit for percutaneous 

50 insertion of the filtration device of the invention 
includes a guidewire 42, catheters 43, 44. sheath 
46 and needle 40. For percutaneous insertion, the 
vein is punctured with needle 40. Guidewire 42 is 
inserted into the vessel through the needle. Ta- 

55 pared catheter 43, up to 8 French in diameter, is 
pushed into the vein, over the guide wire. Slightly 
larger catheter 44, up to 10 to 12 French, is slid 
coaxially over the first and is used to dilate the 
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tissue and the vein. A tapered catheter, with a thin- 
walled sheath 46, is then placed over this catheter 
and the inner catheters and guidewire removed, 
leaving the sheath behind. The sheath acts as an 
access to permit the insertion of a cartridge 48 
holding the filter 52. Sheath 46 has a thin wall so 
that catheter 44 fits snugly inside of sheath 46 and 
they can travel together as a single unit. Sheath 46 
is constructed of high density polyethylene and is 
slippery so that the friction between it and the cava 
is reduced. Cartridge 48 with filter 10 is introduced 
through sheath 46. Sheath 46 should be flexible 
enough so that it doesn't kink, with, e.g., an inside 
dimension of 12.6 French and an outside dimen- 
sion between 13 and 14 French. Also provided in 
the kit is a filter delivery system 50 for delivery of 
the catheter. The dotted line within cartridge 48 
shows the orientation of the filter 10, in the orienta- 
tion where the hooks are ready to come out first, 
i.e.. for introduction into a jugular vein. Pusher 60 is 
solid and is used to discharge the filter into location 
in a cava. Once the filter in the sleeve is in an 
appropriate position, the filter is pushed out of the 
sleeve using pusher 60. The legs of the filter will 
spring outward and engage the cava wails, thus 
holding the filter in position. 

Comparison with Prior Commercial KImmell Rlter 

The percutaneous filter of this invention can 
achieve a filter mesh between 75% and 125% of 
that of the prior commercial Kimmell filter, when 
both are confined inside a 20 mm inner diameter 
cylinder, with equivalent orientation (filter axis to 
cylinder axis). The leg wires are thus able to filter 
blood passing through the filter and catch clots of a 
desired size. 

The range of arc A(dR) (Rg. 6) described by 
the most proximal set of legwire bends is prefer- 
ably reduced to less than 80% of A(dR) for the 
corresponding bends in the prior commercial Kim- 
mell filter. This reduces legwire interferences that 
otherwise would impose large flexural strains at the 
head of the filter during leading into the narrow- 
bore (e.g., 3.7 mm inner diameter) carrier 48. The 
flexural elasticity (resilience) achievable by this fil- 
ter is at least 40% greater than that of the prior 
commercial Kimmell filter, for example, the flexural 
yield strain of the legwire alloy is preferably greater 
than 1.8%. as in high-yield strain titanium alloys. 
This latter feature enables bending the filter legs 
towards the central axis. E (Fig, 3), by at least 
21.6*. whilst the prior commercial Kimmell filter 
legs are bent in by only about 15.0' , during load- 
ing. Moreover, the legwire alloy has a linear (i.e., a 
proportional or elastic) relationship of stress vs. 
strain extending to above 1% deformation. That is. 
the legwire alloy remains elastic even during, for 



example, elongation by more than 1%. 

The maximum strain concentration in the per- 
cutaneous filter structure (during loading, and when 
the filter is within a cava) can be significantly lower 

5 than that in the structure of the prior commercial 
Kimmell filter. The strain concentration at the proxi- 
mal end of the filter legs is achieved by, a filter 
nose (13. in Rg. 3). of minimal height Hn (Rg. 3), 
and a filter bead (14, in Fig. 3); the bead reinforce- 

TO ment angle Bb (Fig. 3) is preferably reduced below 
the nose-cone "reinforcement angle" of 90 ♦ found 
in the prior commercial Kimmell filter; the maxi- 
mum clearance C (Rg. 3) between nose-wires is 
minimized; and the close-packed center-wire (leg 

75 stub 24. in Fig. 5) maintains the alignment of the 
array of wires and serves as an advantageous 
fulcrum during deflection, helping to reduce stress, 
to avoid yielding during maximum compression. 
Furthermore, the six filter legs may be negatively 

20 curved so that the cone shape described by the 
legs is slightly concave (cusp-like). Upon insertion 
into a 20 mm vena cava, the slight concave bend is 
effectively straightened out. 

In order to insure long-term mechanical stabil- 

25 ity and safe anchorage in normal vena cava (having 
a diameter of about 20 mm) or larger megacavae, 
the invention achieves anchoring dilational loads 
and forces at the hook tips similar to those pro- 
duced by the prior commercial Kimmell filter in 

30 normal cava. Preferably, the filter base diameter Db 
(Fig. 3) is 30-50 mm (typically 38 mm), compared 
to diameter Dp of the prior commercial Kimmell 
filter, e.g., about 30 mm. 

A low modulus alloy is important to optimally 

35 satisfy the above requirements preferably one 
which resists corrosion and fatigue, even after se- 
vere cold-forming or hot-forming and cold-joining or 
hot-joining operations. 

Other embodiments are within the following 

40 claims. 

Claims 

1. Blood clot filtration device (10) 
45 - for filtering solid and semi-solid materials 

- from a liquid moving along a vessel axis 

of 

- a tubular vessel (70). 

- comprising 

50 - a device axis (E) ; 

- a head (14); and 

- a plurality of legs (12) 

- . having 

- divergent leg portions (16). 
55 - each said leg 

- secured at one of its ends to said 
head (14) and 

- having 
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4. 



6. 



- means for securing said device (10) 

- to the wall of said tubular vessel - 

(70) 

- on its end distal with respect to said 
head (14); and 

- at least one generally 

- U-shaped bend (22) 

- intermediate its end, 
characterized in that 

- said legs (12) comprise : 

- a first, linear leg portion (13) 

- between said head (14) and said di- 
vergent leg portion (16), 

- having 

- a predetermined length (Hn) 

- emanating distaily from said head 
(14), and 

- being arranged 

- parallel to said device axis (E) 

Device of claim 1 , 
characterized by 

- a central member (24), 

- said first, linear leg portions (13) 

- closely sunrounding said central mem- 
ber (24), 

- said head (14) formed of 

- the ends of said first, linear leg por- 
tions (13) and the end of said central 
member (24), 

- said central member (24) serving to 
provide 

- lateral support to said first, linear teg 
portions (13) emanating from said 
head (14) 

- when said legs (12; 68) are com- 
pressed together 

Device of claim 1 or 2 , 
characterized in that 

- said legs (12) and said head (14) are 
formed of 

- a titanium alloy . 

Device of claim 3 , 
characterized in that 

- said titanium alloy is 

- at least 50 % by weight titanium. 

Device of claim 1 or 2 , 
characterized in that 

- said head (14) comprises 

- a bead 

- formed by fusing said legs (12) 

Device of claim 1 or 2 , 
characterized in that 

- said legs (12) at said head (14) 



- closely surround 

- a central wire segment 

7. Device of claim 1 , 
5 characterized in that 

- said head comprises 

- a bead (14) 

- formed by fusing said legs (12), and 

- said legs (12) comprise: 

10 a) said first, linear leg portion (13) 

- emanating distaily from said head 
(14) 

- in a direction upstream of the di- 
rection of blood clot movement 

75 within said vessel, 

b) a second, multi-angled leg portion 

(16) . 

- of relatively greater length 

- than said first linear leg portion 
20 (13). and 

- extending generally outwardly 

- from the distal end of said first 
linear leg portion (13), 

- at an acute angle (Oh) to said de- 
25 vice axis (E), 

- to form, with said second, multi- 
angled leg portions (16) of other 
legs (12), 

- a conical aspect (20), 
30 - comprising 

- a series of discrete linear seg- 
ments 

- arrayed generally tangent to 

- a cone defined by the set of said 
35 second, multi-angled leg portions 

(16). 

c) a hoolc portion (22) 

- at the distal end of each said leg 
(12) 

40 " extending outwardly, away from 

said device axis (E), 

- in a manner for engaging the blood 
vessel wall 

- to fix the position of said device 
45 (10) therewithin, 

- said legs (12) and said head (14) being 
formed of 

- a titanium alloy 

50 8. Device of claim 4 or 6 , 
characterized in that 

- the diameter (Wb) of said bead (14) 
forming said head is 

- of the order of 

55 - less than about 3 mm 

9. Device of claim 1 or 6 , 
characterized in that 
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- the diameter (Db) of the base (20) of 
said conical aspect of said device (10) 

- measured at the intersection of 

- said second, multi-angled leg portions 

(16) and said hook portions (22) is 5 

- between about 30 and 50 mm 

10. Device of claim 8 , 
characterized m that 

- said device (10) io 

- is adapted 

- to be introduced into said blood vessel 
within 

- a cyiindrical cavity of 

- an introducing cartridge (48), is 

- said cavity having 

- an inner diameter 

- between about 2 to 4 mm 

11. Device of claim 1 or 7 , . 20 
V characterized if) that 

- said length of said first, linear leg por- 
tion (13) is 

- of the order of 

- about 0.5 to 2 mm . 25 

12. Device of claim 1 or 7 . 
characterized in that 

- the overall length of said device (10) 
along the axis (E), within said blood ves- 30 
sel, is 

- of the order of 

- about 50 mm . 

13. Device of claim 3 , 35 
characterized in that 

- said titanium alloy forming said legs 

(12) is 

- a high-strength titanium alloy 

- having a linear relationship of stress ver- 40 
sus strain 

- extending to above 1 % deformation of 
said alloy. 

- said head (1 4) being formed 

- by fusing together corresponding ends 45 
of said legs (12). 

- said legs (12). 

- under a no-stress condition, conforming 
to 

- a large base (20) cone of so 

- diameter of 

- about 30 mm or more, 

- said legs (12) 

- being capable of such elastic deforma- 
tion that 55 

- the filter can be collapsed into 

- a capsule (48) of 



- about 3-7 mm (12 French) external di- 
ameter. 

14. Device of claim 13 . 
characterized in that 

- the base (20) diameter 

- to which the ends of said legs (12) con- 
form is 

- 30 mm or larger 

15. Device of claim 13 , 
characterized in that 

- said device (10) 

- exerts a force against 

- said tubular vessel (70, Fig. 8B) when 
in place therein. 

- said tubular vessel (70, Fig. 8B) having 

- a predetermined maximum force limit. 

- said titanium alloy having 

- an elasticity selected 

- to exert less than said maximum 
force against 

- said tubular vessel (70, Fig. 8E) 

- for a tubular vessel inner diameter 

- substantially less than 20 mm . 

16. Device of claim 13 , 
characterized in that 

- said high strength titanium alloy has 

- a f iexural yield strain 

- greater than 1.8 % . 

Patentansprtiche 

1. Blutgerinnsel - Filter (10) 

- zum RItem fester und halb-fester Stoffe 

- aus einer RUssigkeit in Bewegung ent- 
lang einer Gefafl-Achse 

- eines tubuiaren Gefafies (70), 

- mit 

- einer Filter - Achse (E) ; 

- einem Kopf (14) ; und 

- mit mehreren Schenkein (12) 

- mit 

- divergenten Schenkel - Abschnitten - 

(16) , 

- wobei Jeder Schenkel 

- gesichert ist an einem seiner Enden 
am Kopf (14) und 

- besitzt 

- eine Einrlchtung zum Sichern des Fil- 
ters (10) 

- an der Wand des tubulSren GefSBes 

(70) 

- an seinem Ende distal zum Kopf (14) 
; und 

- . mindestens eine im wesentlichen 

- U - fSrmige Biegung (22) 
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- an seinem Ende , 
gekennzelchnet dadurch, daS 

- die Schenkel (12) besitzen : 

- einen ersten , linearen Schenkel - Ab- 
schnltt(13) 5 

- zwischen dem Kopf (14) und dem 
divergenten Schenkel - Abschnitt - 
(16). 

- mit 

- vorbestimmter LSnge (Hn), iq 

- ausgehend distal vom Kopf (14), und 

- ausgerichtet 

- parallel zur Filter - Achse (E). 

2. Filter nach Anspruch 1 , 75 
gekennzeichnet durch 

- ein mlttiges Glled (24). wobei 

- die ersten, linearen Schenkel-Ab- 
schnitte(13) 

- eng das mittige Glied (24) umgeben, 20 

- der Kopf (14) ausgebildet aus 

- den Enden der ersten. linearen 
Schenkel-Abschnitte (13) und 

dem Ende des mittigen Glleds (24). 

- das mittige Glied (24) dient als 25 

- seitliche Stutze der ersten, lineareri 
Schenkel-Abschnitte (13), ausgehend 
vom Kopf (14), 

- wenn die Schenkel (12; 68) zusam- 
mengedrUckt sind. 30 

3. niter nach Anspruch 1 oder 2 , 
gekennzeichnet dadurch, dao 

- die Schenkel (12) und der Kopf (14) 
gebildet sind aus 35 

• Titan - Legierung. 

4. Filter nach Anspruch 3 . 
gekennzeichnet dadurch, daB 

- die Titan-Legierung besitzt aq 

- mindestens 50 Gew.-% Titan. 

5- RIter nach Anspruch 1 oder 2 . 
gekennzeichnet dadurch, daB 

- der Kopf (14) besitzt 45 

- eine Perle , 

• gebildet durch Verschmelzen der 
Schenkel (12). 

6. Filter nach Anspruch 1 oder 2 , so 
gekennzeichnet dadurch, daB 

- die Schenkel (12) am Kopf (14) 

- eng umgeben 

- ein mittiges Draht - Segment. 

55 

7. Filter nach Anspruch 1 , 
gekennzeichnet dadurch, daB 

- der Kopf besitzt 



- eine Perle (14), 

- gebildet durch Verschmelzen der 
Schenkel (12), und 

- die Schenkel (12) besitzen : 

a) den ersten, linearen Schenkel • Ab- 
schnitt (13) 

- der distal vom Kopf (14) veriSuft 

- stromauf zur Bewegungs-Richtung 
des Blutgerinnsels im GefaB, 

b) einen zwelten, mehrfach abgewln- 
kelten Schenkel - Abschnitt (16) 

- relativ grofierer Lange 

- als der erste lineare Schenkel-Ab- 
schnltt (13), und 

- der ini wesentiichen nach auSen 
verlSuft 

- vom distalen Ende des ersten li- 
nearen Schenkel-Abschnitts (13). 

- unter einem spltzen WInkel (^n) 
zur Filter - Achse (E), 

- um mit den zweiten. mehrfach ab- 
gewinkelten Schenkel-Abschnitten 
(16) anderer Schenkel (12) zu bil- 
den 

- eine Kegel - Fl^che (20), 

- mit 

- einer Anzahl gesonderter linearer 
Segmente , 

- im wesentiichen tangential ange- 
ordnet zu 

- einem Kegel . gebildet durch den 
Satz der zweiten, mehrfach abge- 
winkelten Schenkel-Abschnitte (16), 

c) einen Haken - Abschnitt (22) 

- am distalen Ende jedes Schenkels 
(12). 

- der nach aufien, weg von der Fil- 
ter - Achse (E) veriauft 

- zum Aniegen an die BlutgefaO- 
Wand 

- zum Sichern der Stellung des Rl- 
ters (10) darin, 

- die Schenkel (12) und der Kopf (14) 
gebildet sind aus 

- TItan-Leglerung. 

8. Filter nach Anspruch 4 oder 6 , 
gekennzeichnet dadurch, daB 

- der Durchmesser (Wb ) der Perle (14), 
die den Kopf bildet 

- gr&6enordnungsmS6ig 

- unter ca. 3 mm ist . 

9. Filter nach Anspruch 1 oder 6 , 
gekennzeichnet dadurch, daB 

- der Durchmesser (Da) der Grund-Fla- 
che (20) des Kegels des Filters (10) 

- gemessen am Ubergang 
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- der zweiten. mehrfach abgewinkelten 
Schenkel-Abschnitte (16) und der 
Haken-Abschnitte (22) 

- ca. 30 - 50 mm ist. 

5 

10. RIter nach Anspruch 8 , 
gekennzelchnet dadurch, da6 

- das niter (10) 
.- ausgebildet ist 

- zum E'mfuhren in das Blutgefafl inner- io 
halb 

- eines zylindrischen Hohlraums 

- einer EinfUhr - Patrone (48), 

- wobei der Hohlraum 

- einen Innen - Durchm^esser t5 

- von ca. 2 - 4 mm besitzt. 

11. Filter nach Anspruch 1 oder 7 , 
gekennzelchnet dadurch, daB 

- die Lange des ersten, llnearen Schen- 20 
kel-Abschnitts(13) 

- grSBenordnungsmSGig 

- ca. 0.5 " 2 mm ist. 

12. Filter nach Anspruch 1 oder 7 , 25 
gekennzeichnet dadurch, daB 

- die Gesamt - LiLnge des Filters (10) 
entlang seiner Achse (E) im BlutgefSB 

- groGenordnungsmSGlg 

- ca. 50 mm ist . 30 



- der Durclimesser der Grund - Flache - 

(20). 

- die die Enden der Schenkel (12) formen . 

- 30 mm Oder grSBer ist. 

15. Filter nach Anspruch 13 , 
gekennzeichnet dadurch, daB 

- das Fliter (10) 

- eine Kraft ausUbt auf 

- das tubuiare GefaB (70 . Fig.SB), wenn 
darin positioniert , 

- das tubulare GefaB (70 . Fig. 8B} 

- eine vorbestimmte H5ciistkraft - Grenze 
besitzt. 

- die Titan-Leglerung mit 

- einer Elastlzltat gewShlt ist. 

- um weniger als die HSchstkraft aus- 
zuUben auf 

- das tubuiSre GefSifi (70) 

- bei einem Innen - Durchmesser des 
tubularen GefSBes von 

- wesentlich unter 20 mm . 

16. Filter nach Anspruch 13 , 
gekennzeichnet dadurch, daB 

' die hoch-feste Titan - Legierung 
. - eine Biege - FlieB - Dehnung von 

- Uber 1.8 % besitzt. 

Revendicatlons 



13. Filter nach Anspruch 3 , 
gekennzeichnet dadurch, daB 

- die Titan • Legierung . die die Schenkel 

(12) bildet , 35 

- eine hoch-feste Titan - Legierung ist 

- mit einer iinearen Spannungs-Dehnungs- 
Kurve. 

- die bis Ober 1 % Yerformung der Legie- 
rung verlSuft , 40 

- der Kopf (14) gebildet ist 

- durch Verschmelzen der entsprechen- 
den Enden der Schenkel (12), 

- die Schenkel (12) 

- unbelastet geformt sind gemaB 45 

- einem Kegel groBer Grund-FISche (20) 

- mit einem Durchmesser von 

- ca. 30 mm oder mehr , 

- die Schenkei (12) 

- fur derartige elastische Verformung aus- so 
gebildet sind . da6 

- das Fiiter faltbar ist in 

- eine Kapsel (48) von 

- ca. 3.7 mm (12 French) AuBen - Durch- 
messer. 55 

14. Filter nach Anspruch 13 , 
gekennzeichnet dadurch, daB 



1. Dispositif (10) de filtration de caliiots de 
sang 

- pour le filtrage des substances solides et 
semi-solides 

- d'un liquide se d^placant le long de 
I'axe vasculaire 

- d'un vaisseau tubulaire (70), 

- comportant 

- un axe de dispositif (E) ; 

- une tete (14) ; et 

- plusieurs Jambes (12) 

- possSdant 

- des portions divergentes (16). 

- chacune desdites Jambes 

- ^tant fix^e h l*une de ses extr^mitSs h 
ladite tete (14) et 

- possedant 

- des moyens de fixation dudit dispositif 
(10) 

- k la parol dudit vaisseau tubulaire - 
(70) 

- h son extr^mite distaie par rapport h 
ladite tete (14) ;et 

- au moins un 

- coude en forme generaie de U (22) 

- dispose avant son extr^mitS, 
caracterise en ce que 



EP 0 293 605 B1 



- lesdites Jambes (12) comportent : 

- une premiere portion de Jambe lineai- 
re(13) 

- entre ladite tete (14) et ladite portion 

de jambe divergente (16). 5 

- ayant 

• une longueur pr^dStermin^e (Hn) 

- ^manant de facon distale de ladite 
tete (14). et 

- ^tant dispos^e io 

- paralldlement audit axe du dlsposl- 
tlf(E). 

2. Dispositif selon la revendication 1 , 

caracterise par is 

- un membre central (24), 

- lesdites premieres portions de jambes 
linSaires (13) 

- entourant de tr&s pr&s ledit membre 
central (24), 20 

- ladite tete (1 4) formSe des 

• extr^mitSs desdites premieres por- 
tions de jambes lineaires (13) et de 
rextremit§ dudit membre centraj (24), 

- ledit membre central (24) 6tant desti- 25 
r\6 k fournir 

- un support lateral auxdites premieres 
portions de jambes lineaires (13) 6ma- 
nant de ladite tete (14) 

- lorsque lesdites jambes (12:68) sont 30 
comprim^es ensemble . 

3. . Dispositif selon la revendication 1 ou 2, 

caract6ris6 en ce que 

- lesdites jambes (12) et ladite tete (14) 35 
sont constitutes 

- d'un alliage de titane . 

4. Dispositif selon la revendication 3, 

caracterise en ce que 40 

- ledit alliage de titane comprend 

- au moins 50 % de son poids en titane . 

5. Dispositif selon la revendication 1 ou 2, 
caracterise en ce que 45 

- ladite tete (1 4) comporte 

- une boule 

- formte par la fusion desdites jambes 
(12) . 

50 

6. Dispositif selon la revendication 1 ou 2, 
caract6risS en ce que 

- lesdites jambes (12) ^ ladite tete (14) 

- entourent de tr5s pres 

- un segment de fil central . 55 

7. Dispositif selon la revendication 1 , 
caracterise en ce que 



- ladite tete comporte 

- une boule (1 4) 

- formte par la fusion desdites jambes 
(12). et 

- lesdites Jambes (12) comportent 

a) lesdites premieres portions de jam- 
bes lineaires (13) 

- tmanant de facon distale de ladite 
tete (14) 

- dans le sens amont par rapport au 
mouvement du calllot de sang I 
*inttrieur dudit vaisseau, 

b) une seconde portion de Jambe k 
angles multiples (16) 

- d'une longueur relativement su- 
p6rieure 

- ^ ladite premi&re portion de jambe 
liniaire (13), et 

- s'ttendant en g6n§ral vers Text^- 
rieur 

- de Textrtmitt distale de ladite pre- 
miere portion de jambe linSatre 
(13) 

- angle algu (0n) par rapport audit 
axe du dispositif (E), 

- pour former, avec lesdites secon- 
des portions de jambes ^ angles 
multiples (16) des autres jambes 
(12). 

- un aspect conique (20), 

- comportent 

- une sdrie de segments iineaires 

discrets 

- disposes en gtntral tangentieile- 

ment 2i 

- un cone defmi par Tensemble des- 
dites secondes portion de jambes 
a angles multiples (16), 

c) une partie en crochet (22) 

- Si Textrtmitt distale de chacune 
desdites jambes (12) 

- s'ttendant vers Texterieur et 
s'dloignant dudit axe du disposi- 
tif (E), 

- de maniere k entrer en contact 
avec la parol du vaisseau sanguin 

- pour fixer la position dudit dispositif 
(10) dans celui-ci, 

- lesdites Jambes (12) et ladite tete (14) 
6tant constituees 

- d*un alliage de titane . 



Dispositif selon la revendication 4 ou 6, 
caracterise en ce que 

- te diam&tre (Wb) de ladite boule 
formant ladite tete est 

- de Tordre 

- d'environ moins de 3 mm . 



(14) 
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9. Dispositif seion la revendlcation 1 ou 6, 
caracterise en ce que 

- ie diam&tre (Db) de la base (20) dudit 
aspect conique dudit dispositif (10) - 

- mesure k I'intersection 

- desdites secondes portions de jambes 
h angles multiples (16) et desdites 
parties en crochet (22) 

- varie d'environ 30 k 50 mm . 

10. Dispositif selon la revendication 8, 
caracterisS en ce que 

• ledit dispositif (10) 

- est adapte 

- pour etre introduit dans ledit vaisseau 
sanguin a Tinterieur 

- d'une cavite cylindrique 

- d'une cartouche d'introduction (48), 

- ladite cavite ayant 

- un diametre interieur 

- compris entre 2 et 4 mm . 

11. Dispositif selon la revendication 1 ou 7, 
caracteri$§ en ce que 

- ladite longueur de ladite premiere por- 
tion de jambe lineaire (13) est 

- de Tordre 

- d'environ 0.5 k 2 mm . 

12. Dispositif selon la revendication 1 ou 7, 
caracteris6 en ce que 

" la longueur hors tout dudit dispositif - 
(10) Ie long de I'axe (E) k I'lnterleur dudit 
vaisseau sanguin, est 

- de Tordre 

- d'environ 50 mm . 

13. Dispositif selon la revendication 3. 
caracterise en ce que 

- ledit aiiiage de titane constituent lesdi- 
tes jambes (12) est 

- un aiiiage de titane k grande resistance 

- ayant une tension en relation lineaire 
avec la contrainte 

- s'4tendant au-del^ du 1 % de deforma- 
tion dudit aiiiage, 

- ladite tete (14) 6tant constitute 

- par la fusion ensemble des extremites 
correspondantes desdites Jambes (12), 

- lesdites jambes (12), 

- en situation de non-tension, formant 

- une large base (20) conique 

- d'un diametre 

- d'environ 30 mm ou plus, 

- lesdites |ambes (12) 

- ttant capables d'une telje deformation 
eiastique que 

- le flltre peut se rtduire k 
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- une capsule (48) 

- d'environ 3.7 mm (12 French) de diaiind- 
tre exterieur . 

14. Dispositif selon la revendication 13 , 
caract6ris6 en ce que 

- le diamdtre de base (20) 

- auquel les extremites desdites jambes 
(12) se conferment, est 

- de 30 mm ou davantage . 

15. Dispositif selon la revendication 13, 
caractSrisd en ce que 

- ledit dispositif (10) 

- exerce une force centre 

- ledit vaisseau tubulaire (70 , Fig, SB) 
lorsqu'il s'y trouve en place, 

- ledit vaisseau tubulaire (70 . Fig. 8B) 
ayant 

- une limite de force maximun prtdeter- 
minee, 

- ledit aiiiage de titane ayant 

- une elasticite seiectionnee 

- afin d'exercer moins que ladite force 
maximum centre 

- ledit vaisseau tubulaire (70) 

- pour un diametre interieur du vaisseau 
tubulaire 

- substantiellement inferleur k 20 mm . 



30 



16. Dispositif selon la revendication 13. 
caracterise en ce que 

- ledit aiiiage de titane de haute resistan- 
ce a 

35 - une limite de flexion 

- superieure a 1.8 % . 
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0 Implantable filter. 



© A blood clot filtration device, for implantation 
percutaneousiy, for preventing movement of blood 
clots within a blood vessel. The device has a head 
(14) and a plurality of legs (12) extending therefrom. 
The legs (12) include a First linear leg portion (13) of 
predetermined length emanating distally from the 
^head (14) generally parallel to the axis of the device; 
^a second multi-angled leg portion of relatively great- 
ly er length extending generally outwardly from the 
Q distal end of the first linear leg portion at an acute 
CO angle to the axis, to form, with other second leg 
^portions, a conical aspect, the second leg portion 
O) having a series of discrete linear segments (38) 
N arrayed generally tangent to a cone defined by the 
second leg portions of the set of legs; and a hook 
portion (22) at the distal end of each the leg extend- 
Qjing outwardly, away from the axis in a manner for 
engaging the blood vessel to fix the position of the 
device therewithin. The configuration of the legs 



(12), including the first linear portion (13). and the 
use of a high strength titanium alloy for the head 
(14). formed by fusing, and legs produces a filter 
which is able to tolerate severe compression for 
introduction percutaneousiy through a small sheath 
without yeilding. Preferably a central wire segment 
(24) is disposed axially. with the first linear leg 
portions (13) of the filter disposed closely there- 
about. 
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IMPLANTABLE RLTER 



Background of the Invention 



This invention relates to blood clot filters of the 
permanent metallic type, that may be placed in the 
Inferior vena cava, one of the two main veins for 
returning blood to the heart Their purpose is to 
stop large clots or thrombi from traveling, typically 
from this leg veins, through the inferior vena cava, 
to the heart. If such clots reach the lungs, they 
would occlude tiie flow of blood and possibly lead 
to death. 

RIters of this type are typically formed of fine 
wire legs attached to a head or nose cone. The 
wire legs have a conical aspect in order to channel 
emboli (or clots) toward the center of the filter, to 
the nose cone near the apex of the filter. The filter 
thus may trap clots of approximately three millime- 
ters or larger. The clot, depending on its age and 
nature, may stay pemnanently in the filter or may 
be.resorbed by the body. 

One blood clot filter of particular effectiveness 
is a prior commercial embodiment of Kimmell U.S. 
3,952,747. sold by Medi-Tech Incorporated of 
Watertown, Massachusetts, under the trademark 
GREENFIELD®, The prior commercial Kimmell fil- 
ter has stainless steel wire legs extending from a 
large head. According to Kimmell, the legs are 
arranged in a conical aspect, each leg bent to fdnn 
a number of linear segments generally tangent 
about the conical aspect to increase the filtering 
effect When the filter Is inserted into a blood 
vessel, the head and the apex of the cone are 
positioned downstream in the blood fiow. The re- 
mote ends of the legs are positioned upstream in: 
the blood flow and are engaged with the vessel 
wall. 

Blood vessel filters have previously been intro- 
duced into a vessel surgically, by cutting down to 
and then into a vein, using surgical blades. The 
filter, confined within a metallic capsule, has been 
introduced tiirough a catheter. Once in position, the 
filter has been dislodged from the capsule using a 
pusher, and the capsule and attached catheter re- 
moved. Typically, the surgical procedure has re- 
quired two special teams of physicians, including a 
surgeon and a radiologist, and it is not uncommon 
for ttie procedure to take up to 2 hours. 

More recentiy. certain filters have been insert- 
ed percutaneously. The advantages of this tech- 
nique include reduced trauma and shortened op- 
erating time. The applicability of this technique has 
been limited in tiie case of the preferred Kimmell 
type of filter. 



Summary of the Invention 



The present invention features a filter of the 

5 Kimmell type having significant improvement tiiat 
e.g., enables its percutaneous introduction over a 
wide range of patient population and inferior vena 
cava size. In one aspect ttie invention features a 
filter of tiie type mentioned having a head; a plural- 

70 ity of legs having divergent leg portions, each leg 
secured at one of Its ends to the head» each having 
securing means on Its end distal with respect to 
the head and at least one generally U-shaped bend 
intermediate its end, witii ttie improvement that 

75 each leg furttier comprises a first linear leg portion 
between the head and tiie divergent leg portion, 
the first linear leg portion having a predetermined 
length emanating distalty from tiie head, the first 
linear leg portion being arranged generally paralfel 

20 to the axis of the device. 

According to another aspect of tiie invention, 
first leg portions emanating from the head closely 
sunround a central member, tiie head being formed 
of tiie metal of tiie ends of tiie first leg portions and 

25 Of the central member, tiie central member sending 
to provide lateral support when tiie legs are com- 
pressed togtiier. 

In preferred embodiments, tiie legs and tiie 
head are fonned of a titanium alloy, preferably tfie 

30 alloy being at least 50 percent by weight titanium 
and the head comprises a bead formed by fusing 
the legs. 

According to another aspect of the invention, 
with tiie head comprising a bead formed by fusing 

05 tiie legs, each of tiie legs comprises: a) a first 
linear leg portion of predetermined length emanat- 
ing distally from ttie head in a direction upstream 
of the direction of blood clot movement witiiin ttie 
vessel, the first linear leg portion arranged gen- 

40 erally parallel to ttie axis of ttie device, b) a sec- 
ond, multi-angled leg portion of relatively greater 
lengtii than the first linear leg portion, tfie second, 
multi-angled leg portion extending generally out- 
wardly from tiie distal end of ttie first linear leg 

45 portion, at an acute angle to ttie axis to form, witti 
second, multi-angled leg portions of other legs, a 
conical aspect, ttie second, multi-angled leg portion 
comprising a series of discrete linear segments 
arrayed generally tangent to a cone defined by Uie 

50 set of second, multi-angled leg portions, and c) a 
hook portion at the distal end of each of Uie legs, 
extending outwardly, away from ttie axis, m a man- 
ner for engaging the blood vessel wall to fix the 
position of tiie device therewithin, and tiie legs and 
ttie head being formed of a titanium alloy. 
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in further preferred embodiments of the inven- 
tion, the diameter of the bead that forms the head 
is of the order of less than about 3mm; the diam- 
eter of the base of the conical aspect of the device 
measured at the intersection of the second, multi- 
angled leg portions and the hook portions is be- 
tween about 28 and 48 mm, preferably the device 
is adapted to be introduced into the blood vessel 
within a tubular cavity of an introducing cartridge, 
the cavity within which the device is disposed for 
insertion having an inner diameter of the order of 
between 3 to 4 mm; the length of the first linear teg 
portion is of the order of about 0.5 to 2 mm; and 
the overall length of the device along the axis, 
within the blood vessel, is of the order of about 50 
mm. 

According to another aspect of the invention 
there is provided a blood clot filtration device 
adapted for implantation percutaneously via a tubu- 
lar cavity of an introducing cartridge, into a blood 
vessel of the body, the cavity within which the 
device is disposed for insertion having an inner 
diameter between about 2 and 4 mm, the filtration 
device comprising: a head and a plurality of legs 
extending therefrom, the head comprising a bead 
formed by fusing the legs and having a diameter of 
the order of less than about 3mm, each of the legs 
comprising: a) a first linear leg portion of predeter- 
mined length emanating distally from the head in a 
direction upstream of the direction of blood clot 
movement within the vessel, the first linear leg 
portion arranged generally parallel to the axis of the 
device, the predetermined length being of the order 
of about 0.5 to 2mm, b) a second multi-angled leg 
portion of relatively greater length than the first 
. linear leg portion, the second, multi-angled leg por- 
tion extending generally outwardly from the distal 
end of the first linear leg portion, at an acute angle 
to the axis to form, with the second, multi-angled 
leg portions of other legs, a conical aspect having a 
diameter at the base of between about 30 and 
50mm. the second, multi-angled leg portion com- 
prising a series of discrete linear segments arrayed 
generally tangent to the cone defined by the sec- 
ond, multi-angled leg portions, and c) a hook por- 
tion at the distal end of each leg extending out- 
wardly, away from the axis, in a manner for engag- 
ing the blood vessel wall to fix the position of the 
device therewithin, and the legs and the body 
being formed of a titanium alloy, the overall axial 
length of the device in position within the blood 
vessel being of the order of about 50mm. 

The blood clot filtration device of the invention, 
without detrimental yielding of the metal or loss of 
function, can t>e confined to a very narrow diameter 
for Insertion percutaneously using narrow catheter 
tubes e.g.. 1 1 French or 3.7 mm internal diameter; 
the original conical aspect of the legs is regained 



even after insertion via the narrow catheter tube; 
and the legs exert appropriate force against the 
vessel walls upon positioning. 

The filter achieves a filtering efficiency and 

5 capacity similar to that of the prior commercial 
Kimmell filter, retaining thromboemboli large 
enough to produce clinically significant pulmonary 
embolism, it passes a sufficient quantity of small 
thromboemboli to prevent either acute or insidious 

70 filter clogging, and penmlts lysis of the retained 
thromboemboli. Further, it helps to avoid the* gen- 
eration of new thrombi (or growth of retained em- 
boli) from local stasis or turbulence in venous flow, 
in a wide range of diameters of inferior vena cavae. 

75 Anchoring of the filter within a cava is achieved 
using approximating similar forces to those of the 
prior commercial Kimmell filter, but over an In- 
creased range of cavae sizes. There is no proximal 
migration, even when severe mechanical forces are 

20 applied, nor distal migration, beyond the range 
exhibited by the prior commercial Kimmell filter. 
Radial penetration through adventitia is also within 
limits that have been acceptable historically. Fur- 
ther, it is believed that the filter can be maintained 

25 in situ for extended periods (of at least 8-10 years) 
without loss of the original chemical and mechani- 
cal properties, and with no corrosion, fatigue, or 
yielding, under even severe mechanical strain, and 
even in large diameter megacavae. e.g., up to 

30 30mm in diameter. 

Other features and advantages of the invention 
will be apparent from the following description of 
th(9 preferred embodiment, and from the claims. 

35 

Description of the Preferred Embodiment 
The drawings will first briefly be described. 

40 

Drawings 

Rgure 1 is a diagrammatic representation of 
45 a prior art filter as described in Kimmell U.S. 
3.952.747, in situ: and Rgure 2 is a plan view of 
the prior art Kimmell filter observed fi^m above the 
head. 

Rgure 3 is a side view of a preferred em- 
50 bodiment of the blood clot filtration device of the 
present invention; 

Rgures 4 and 5 are plan and side views 
respectively of the head area of the device; 

Rgure 6 is a plan view of the device, ob- 
55 served from below the head: 

Rgure 7 is a diagrammatic representation of 
one leg of the device; 
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Rgures 8a and 8b are diagrammatic repre- 
sentations of the strain on a leg in the prior art 
device and the present invention, respectively: 

Rgure 9 is a diagrammatic representation of 
the relationship between force exerted by filters of 
the Invention and prior art filters, on a vena cava 
wall versus cava diameter; 

Figure 9a is a diagrammatic representation 
of the filter of the invention illustrating points of 
stress exerted on a cava; and 

Figure 10 is a diagrammatic plan view of a 
kit for inserting tiie filtration device of the invention 
percutaneousiy. 

Prior Art 

The prior art filter described in Kimmeil U.S. 
Patent 3.952,747. incorporated herein by reference, 
is shown in Rgs. 1 and 2. Briefly, the prior art 
Kimmeil filter has six legs 100 which are squeeze- 
fitted into a large head or nose cone 102, all made 
from stainless steel. This filter has been inserted 
percutaneousiy using a 24 French catheter but 
usually has been inserted surgically. It is shown 
positioned in a cava 103, of diameter about 20 mm, 
witii head 102 downstream relative to blood fiow, 
shown by arow 104. The leg bends, such as 
shown by number 106. and their positioning are 
shown In Rg. 2. 

Structure of ttie Preferred Embodiment 

Referring to Rgs, 3, 4 and 5. the preferred 
embodiment of ttie blood clot filtration device 10 of 
the invention consists of six legs 12 protruding 
from a head or nosebead 14, both being of 
biocompatible titanium alloy beta 111 (ASTM grade 
10, obtained from Ormco Corporation of Giendora, 
California, and designated Ti-11.5Mo-6Zr-4.5Sn. 
witii major alloy elements molybdenum (10-13%), 
Zirconium (4.5-7,5%> and Tin (3.75-5.25%)). The 
legs 12, e.g., wire of diameter Dw. about 0.018 inch 
(0.5mm), each have: a first linear leg portion 13 
lying parallel to axis E of the filter, for distance Hn. 
e.g., about 1 mm, a nose bend 15, a second multi- 
angled leg portion 16 of relatively greater length 
than the first linear leg portion, angling outwardly 
from the distal end of the first leg portion away 
from axis E, to define, witti other second teg por- 
tions, an imaginary cone with base 20, shown as 
dotted lines; and outwardly directed hooks 22. The 
second leg portions 16 consist of a series of dis- 
crete linear segments arrayed generally tangent to 
the surface of the imaginary cone in a manner to 
increase tiie efficiency of the filtering effect. The 
diameter of ttie base of the filter is Da, about 38 



mm, and tiie overall lengtii of the filter is L, about 
50 mm. The linear leg portions 13 of all of ttie legs 
are closely arranged in a hexagonal pattem about 
central leg stub or segment 24 and the ends of all 

5 of these legs are joined at the apex In proximal 
head or nose bead 14, formed by fusing the ends 
of legs 12 and central leg stub 24 togettier. 

Referring to Rg. 4, the six legs 16 are located 
at angle Ar apart, about 60*, witii maximum clear- 

10 ance between \he wires. e.g. about 0.002 inch (0.05 
mm). The wldtti of ttie resulting nose Is Wn about 
0.06 inch (1.5 mm). Nose bead angle dra at nose 
bend 15 is about 23* and bead reinforcement 
angle 0b is less than 35* . Refening to Rgs. 6 and 

75 7, leg 12 has maximum extensions A (Br) of about 
13* . The minimum radial distance from nose bead 
14 to first concave edge Ai, is 0.03 inch (1.66 mm) 
and to first convex edge Bi is about 0.08 inch (2.0 
mm). Total leg lengfli P is about 1.85 inch (47 

20 mm), and total bent span Q is about e.g., 0.85 Inch 
(22 mm). Unbent lengtiis R and S are about 0.32 
inch, and 0.72 inch (8.13 and 18.29 mm), respec- 
tively, and regions T, U, V. and X about 0.66, 0.12. 
0.13, and 0.16 inch (16.7. 3.05. 3.3 and 4.06 mm). 

25 respectively, wifli angle By about 40* . Distances Y 
and Z are respectively about 0-11 and 0.055 Inch 
(2.79 and 1.40 mm). 

Refening to Rg. 3, nose bead 14. of percuta- 
neous filter 10 Is fbnmed by ttte molten metal of six 

30 legs 12 and leg stub 24 as they melt Leg stub 24 
is of lengtii U, for example, about 2 mm. The six 
legs and leg stub are held 'm a fixture and are 
fused (e.g., by cast or arc welding) at the point 
where the legs meet, so that, under the influence of 

35 surface tension, tiie legs melt to form a small, solid 
spherical bead 14. The nose bead has a diameter 
Wb. about 2 mm, and height He, about 0.07 inch 
(1.8 mm). 

The wires forming legs 12 are formed into first 

40 linear portion 13, second multi-angled portion 16 
and hook 22 against a steel guide in such a way 
tiiat tiiere is an alternating bend circumferentially 
oriented to product a characteristic conical struc- 
ture. Hook 22 tias lengtti U. about 1.8 mm. and is 

45 angled at angle ^h. about 34* . The bends 38 in leg 
wires 12 are formed by bending the wires at an 
angle of 130-1 50 Hook 22 is formed mechani- 
cally by bending tfie distal end of wire 12 over a 
mandrel. Hook 22 is then sharpened on ttiree sides 

50 against an abrasive wheel. Nose bend 15 is made 
to form first linear portion 13 near to bead 14. 
parallel to axis E of fiiter 10, The leg 12 tfien bends 
slightiy outwardly on the major angle of the cone 
and passes through a series of bends as described 

55 above. 

Diameter Db and ttie length of first linear por- 
tion 13. from nose bend 15 to nose 14, as so 
determined, allows the filter to fit into a small 



diameter carrier tube, e-g.. of approximately 12 
French (inner diameter of about 3.7mm). and still 
be able to spring open to the full diameter of the 
appropriate cava (10 - 30mm). Diameter D and 
length A of the first linear portion 13 are selected 
relative to the overall length of the filter and the 
desired base diameter so the legs have sufficient 
spring force to engage the wall of the cava, but 
with force not so strong as to present a danger of 
, rupture to the cava. If bead 14 and hook 22 are 
regarded as two ends of a beam, by selecting an 
appropriate distance Hn, e.g.. about 1mm, move- 
ment of hook 22 towards axis E, e.g.. In compress- 
ing the filter for insertion into the blood vessel with 
a small diameter cartridge, applies stress to both 
nose bend 15 and the site of attachment of leg 12 
to nose bead 14. Due to the an'angement shown, 
the stress is distributed over a large area, and the 
likelihood of permanent deformation is made less 
than in prior art filter devices. (Were the metal to 
yield the filter might become too small in diameter 
to engage the walls of a cava at all.) 

One of the advantages of nose extension 13 is 
Illustrated in Rg. 8A and B. Fig. 8A represents a 
filter compressed within a tube without extension 
13. Fig, 8B similarly represents a filter with exten- 
sion 13. Referring to the figures, solid lines 66 and 
68 inside tube 70, of inner diameter. D. about 11 
French, respresent the filter legs when bent to fit 
into tube 70: dotted lines 72. 74 outside the tube 
represent the filter in its non-compressed configu- 
ration. The corresponding lever arms Xn and Xp 
and radii of cun/ature rN and rp are shown. Without 
extension 13. Xn and rN are small and thus com- 
pressive forces on bent wire 66 are great, and 
distortion of the wire is likely. With extension 13. Xp 
and rp are large and the forces on wire 68 are 
. small, with little chance of permanently deforming 
the wire. Shear and bending stresses are much 
lower for Fig. 88 than Rg. 8A. so yielding of wire 
68 is unlikely. 

The titanium alloy used to construct the pre- 
ferred embodiment has about three times as much 
elasticity as other possible alloys such as stainless 
steel and thus help to avoid unwanted permanent 
deformation. Referring to Rg. 9. curves X and Y 
describe the relationship ' between stress exerted 
upon tissue by a stainless steel filter (curve X) and 
a titanium filter (curve Y) and the cava diameter in 
which the filter is placed (Fig. 9a). Both curves 
roughly describe a straight line intercepting at the 
optimal stress value in an average cava diameter of 
20mm. From Fig. 9, it can be calculated that if a 
stainless steel filter of an initial diameter of about 
30 mm were released into a cava whose diameter 
were 30 mm. it would rest there without exerting 
any stress on the cava wail. As the size of the cava 
decreases in diameter, the force on the cava wall 



would Increase linearly. In contrast, the equivalent 
titanium filter of the present invention has a resting 
diameter of about 38 millimeters. The curve relat- 
ing force to the diameter of tiie filter at rest is also 
5 a straight line (curve Y, Rg. 9), but one which is 
less steep than that for stainless steel. The limits to 
the force that can be exerted against a cava are 
shown at points V, W in Rg. 9. If the force exerted 
by a filter on a cava is on the low side, the filter 
70 would be less secure against incidental movement, 
e.g.. due to movement by the patient or due to an 
embolism caught in the filter. If the force is on tiie 
high side, ttiere is a risk of perforation of the wall of 
the cava by the filter. The advantage of the titanium 
15 filter is tiiat, because its resting diameter is greater, 
it exceeds the desirable minimum force eariier ttian 
the stainless steel filter and tiius can be used for 
larger cava than stainless steel filters. On the ottier 
hand, when tiie titanum filter is in a smaller cava, it 
20 exerts less force tiian tiie stainless steel filter on 
the walls of the cava. Thus, there is less risk of 
perforation of smaller cava diameters. 

A furtfier advantage of tiie titanium alloy filter is 
that it has a high tolerance to mechanical strain. 
25 this allows a filter of tiie invention to be inserted 
into a cartridge of smaller diameter than the equiv- 
alent prior art stainless steel filter, and thus in- 
serted into a cava using a narrower catheter. Thus, 
the filter of tiie invention can be readily inserted 
30 percutaneously. 

Referring to Rg. 10. a kit for percutaneous 
insertion of tiie filtration device of the invention 
includes a guidewire 42, catiieters 43, 44. sheatti 
46 and needle 40. For percutaneous insertion, the 
35 vein is punctured with needle 40. Guidewire 42 is 
inserted into the vessel tiirough the needle. Ta- 
pered catiieter 43. up to 8 French in diameter, is 
pushed into tiie vein, over tiie guide wire. Slightiy 
larger catheter 44. up to 10 to 12 French, is slid 
40 coaxially over the first and is used to dilate the 
tissue and tiie vein. A tapered catiieter. with a ttiin- 
walled sheath 46. is tiien placed over this catiieter 
and ttie inner catiieters and guidewire removed, 
leaving tiie sheatii behind. The sheatii acts as an 
45 access to permit the insertion of a cartridge 48 
holding ttie filter 52. Sheatti 46 has a thin wall so 
that cattieter 44 fits snugly inside of sheath 46 and 
they can travel togetiier as a single unit. Sheath 46 
is constructed of high density polyettiylene and is 
50 slippery so tfiat the friction between it and the cava 
is reduced. Cartridge 48 witii filter 10 is introduced 
through sheatti 46. Sheatti 46 should be flexible 
enough so that it doesn't kink, with, e.g., an inside 
dimension of 12.6 French and an outside dimen- 
55 sion between 13 and 14 French. Also provided in 
the kit is a filter delivery system 50 for delivery of 
ttie cattieter. The dotted line within cartridge 48 
shows ttie orientation of tiie filter 10. in tiie orienta- 
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tion where the hooks are ready to come out first. 
Le., for introduction Into a jugular vein. Pusher 60 Is 
solid and is used to discharge the filter into location 
in a cava. Once the filter in the sleeve is in an 
appropriate position, the filter Is pushed out of the 
sleeve using pusher 60. The legs of the filter will 
spring outward and engage the cava walls, thus 
holding the filter in position. 

Comparison with Prior Commercial Wmmell RIter 



The percutaneous filter of this invention can 
achieve a filter mesh between 75% and 125% of 
that of the prior commercial Kimmell filter, when 
both are confined inside a 20 mm inner diameter 
cylinder, with equivalent orientation (filter axis to 
cylinder axis). The leg wires are thus able to filter 
blood passing through the filter and catch clots of a 
desired size. 

The range of arc A(6r) (Rg. 6) described by 
the most proximal set of legwire bends is prefer* 
ably reduced to less than 80% of A(0r) for the 
corresponding bends in the prior commercial Kim- 
mell filter. This reduces legwire interferences that 
otherwise would impose large flexural strains at the 
head of the filter during leading into the narrow* 
bore (e.g.. 3.7 mm Inner diameter) carrier 48. The 
flexural elasticity (resilience) achievable by this fil* 
ter is at least 40% greater than that of the prior 
commercial Kimmell filter, for example, the flexural 
yield strain of the legwire alloy is preferably greater 
than 1.8%. as in high-yield strain titanium alloys. 
This latter feature enables bending the filter legs 
towards the central axis. E (Rg. 3), by at least 
21.6*, whilst the prior commercial Kimmell filter 
legs are bent in by only about 15.0*. during load* 
ing. Moreover, the legwire alloy has a linear (i.e.. a 
proportional or elastic) relationship of stress vs. 
strain extending to above 1% deformation. That is. 
the legwire alloy remains elastic even during, for 
example, elongation by more than 1%. 

The maximum strain concentration in the per* 
cutaneous filter structure (during loading, and when 
the filter is within a cava) can be significantly lower 
than that in the structure of the prior commercial 
Kimmell filter. The strain concentration at the proxi- 
mal end of the filter legs is achieved by, a filter 
nose (13. in Rg. 3). of minimal height Hn (Rg. 3), 
and a filter bead (14. In Rg. 3); the bead reinforce* 
ment angle 0a (Rg- 3) is preferably reduced below 
the nose-cone "reinforcement angle* of 90* found 
in the prior commercial Kimmell filter, the maxi- 
mum clearance C (Rg. 3) between nose-wires is 
minimized: and the close-packed center-wire (leg 
stub 24, in Rg. 5) maintains the alignment of the 
array of wires and serves as an advantageous 



fulcrum during deflection, helping to reduce stress, 
to avoid yielding during maximum compression. 
Furthermore, the six filter legs may be negatively 
curved so that the cone shape described by the 

5 legs is slightly concave (cusp-like). Upon Insertion 
into a 20 mm vena cava, the slight concave bend is 
effectively straightened out. 

In order to injure long-term mechanical stabil- 
ity and safe anchorage In normal vena cava (having 

10 a diameter of about 20 mm) or larger megacavae, 
the invention achieves anchoring dllational loads 
and forces at the hook tips similar to those pro- 
duced by the prior commercial Kimmell filter in 
nomnal cava Preferably, the filter base diameter Db 

IS (Rg. 3) is 30-50 mm (typically 38 mm), compared 
to diameter Dp of the prior commercial Kimmell 
filter, e.g., a[bout 30 mm. 

A low modulus alloy is important to optimally 
satisfy the above requirements preferably one 

20 which resists corrosion and fatigue, even after se- 
vere cold-forming or hot-forming and cold-joining or 
hot-joinlrig operations. 

Other embodimerits are within the following 
claims. 

-25 

Claims 

1. In a blood clot filtration device for filtering 
30 solid and semi-solid materials from a liquid moving 

along a vessel axis of a tubular vessel, said filtra- 
tion device having a device axis and comprising: 
a head; and 

a plurality of legs having divergent leg 

35 portions, each said leg secured at one of its ends 
to said head and each having securing means on 
its end distal with respect to said head; and at least 
one generally U-shaped bend intermediate its end. 
the improvement wherein. 

40 said legs further comprise a first linear leg 

portion between said head and said divergent leg 
portion, said first linear leg portion having a pre- 
determined length emanating distally from said 
head» said first linear leg portion being an-anged 

45 generally parallel to said device axis of said filtra- 
tion device. 

2. In a blood clot filtration device for filtering 
solid and semi-solid materials from a liquid moving 
axiaily in a tubular vessel, said filtration device 

50 comprising; 

a head; and 

a plurality of legs having divergent leg 
portions, each said leg secured at one of its ends 
to said head and each having securing means on 
55 its end distal with respect to said head: and at least 
one generally U-shaped bend intermediate its end; 
the improvement wherein, 
each of said legs further comprises a first leg 



portion between said head and its divergent leg 
portions, said first leg portions closely surrounding 
a central member, said head formed of the ends of 
said first leg portions and the end of said central 
member, said central member serving to provide 
lateral support to said first portions emanating from 
said head when said legs are compressed togeth- 
er 

3. The blood clot filtration device of claim 1 or 
2 wherein said legs and said head are fonmed of a 
titanium alloy. 

4. The blood clot filtration device of claim 3 
wherein said alloy is at least 50 percent by weight 
titanium. 

5. The bloot ctot filtration device of claim 1 or 2 
wherein said head comprises a bead formed by 
fusing said legs. 

6. The blood clot filtration device of claim 1 or 
2 wherein the legs at said head closely surround a 
central wire segment. 

7. A blood clot filtration device adapted for 
implantation percutaneously, of the kind for pre- 
venting movement of t^lood clots within a blood 
vessel, comprising: 

a head and a plurality of legs extending 
therefrom, 

said head comprising a bead formed by fusing 
said legs, 

^ said legs comprising: 

a) a first linear leg portion of predetermined 
length emanating distatly from said head in a direc- 
tion upstream of the direction of blood clot move- 
ment within said vesseL said first linear leg portion 
arranged generally parallel to the axis of said de- 
vice, 

b) a second, multi-angled leg portion of 
relatively greater length than said first linear leg 
portion, said second, multi-angled leg portion ex- 
tending generally outwardly from the distal end of 
said first linear teg portion, at an acute angle to 
said axis to form, with said second, muiti-angled 
leg portions of other legs, a conical aspect, said 
second, multi-angled leg portion comprising, a se- 
ries of discrete linear segments arrayed generally 
tangent to a cone defined by the set of said sec- 
ond, multi-angled leg portions, and 

c) a hook portion at the distal end of each said 
leg extending outwardly, away from said axis, in a 
manner for engaging the blood vessel wall to fix 
the position of said device therewithin. and 

said legs and said head being formed of a 
titanium alloy. 

8. The blood clot filtration device of claim 4 or 
6 wherein the diameter of said bead forming said 
head is of the order of less than about 3mm. 



9. The blood clot filtration device of claim 1 or 

6 wherein the diameter of the base of said conical 
aspect of said device measured at the intersection 
of said second, multi-layered leg portions and said 

5 hook portions is between about 30 and 50 mm. 

10. The blood clot filtration device of claim 8 
wherein said device is adapted to be introduced 
into said blood vessel within a cylindrical cavity of 
an introducing cartridge, said cavity within which 

10 said device is disposed for insertion having an 
inner diameter between about 3 to 4 mm. 

11. The blood clot filtration device of claim 1 or 

7 wherein said length of said first linear leg portion 
is of the order of about 0.5 to 2 mm. 

75 12. The blood clot filtration device of claim 1 or 
7 wherein the overall length of said device along 
the axis, within said blood vessel, is of the order of 
about 50 mm. 

13. A blood clot filtration device adapted for 

20 implantation percutaneously via a tubular cavity of 
an introducing cartridge, into a blood vessel of the 
body, of the kind for preventing movement of blood 
clots within said blood vessel, said cavity within 
which said device is disposed for insertion having 

25 an inner diameter of the order of between 2 to 4 
mm, said filtration device comprising: 

a head and a plurality of legs extending 
therefrom, 

said head comprising a bead formed by fusing 

30 said legs and having a diameter of the order of less 
than about 3mm. 
• s^d legs comprising: 

a) a first linear leg portion of predetenmined 
length emanating distally from said head in a direc- 

35 tion upstream of the direction of blood clot move- 
ment within said vessel, said first linear leg portion 
arranged generally parallel to the axis of said de- 
vice, said predetermined leng[th being of the order 
of about 0.5 to 2mm. 

40 b) a second muKi-ahgled leg portion of 

relatively greater length than said first linear leg 
portion, said second, multi-angled leg portion ex- 
tending generally outwardly from the distal end of 
said first linear leg portion, at an acute angle to 

45 said axis to form, with second, multi-angled leg 
portions of other legs, a conical aspect having a 
diameter at the base of between about 28 and 48 
mm. said second, multi-angled leg portion compris- 
ing a series of discrete linear segments an'ayed 

50 generally tangent to said cone defined by said 
second, multi-angled leg portions, and 

c) a hook portion at the distal end of each said 
leg extending outwardly, away from said axis, in a 
manner for engaging the blood vessel wall to fix 

55 the position of said device therewittiin. and 

said tegs and said body being formed of a 
titanium alloy. 
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the overall axial length of said device in 
position within said blood vessel being of the order 
of about 50mm. 

14. The device of claim 6. 7. or 13 whereia 
said device further comprises a central wire seg- 5 
ment positioned axially, with said first finear leg 
portions disposed thereabout 

15. In a blood clot filtration device for filtering 
solid and semi-solid materials from a liquid moving 
axially in a tubular vessel, said filtration device io 
comprising; 

a head; and 

a plurality of legs having divergent leg 
portions, each said leg secured at one of its ends 
to said head and each having securing means on is 
its end distal with respect to said head; and at least 
one general U-shaped bend intermediate its ends, 
the legs being formed of a high strength titanium 
alloy having a linear relationship of stress versus 
strain extending to above 1 percent deformation of 20 
said alloy, and said head being formed by fusing 
together corresponding ends of the legs, said legs, 
under a no-stress condition, conforming to a large 
base cone of diameter of about 30 mm or more, 
the legs being capable of such elastic deformation 2S 
that the filter can be collapsed into a capsule of 
about 12 French extemal diameter. 

16. The filter of claim 15 wherein the base 
diameter to which the ends of the legs conform is 

30 mm or larger, 30 

17. The filter of claim 15 wherein said blood 
clot filtration device exerts a force against the tubu- 
lar vessel when in place therein, said tubular vessel 
having a predetermined maximum force limit, saSd 
titanium alloy having an elasticity selected to exert as 
less than said maximum force ag^nst said tubular 
vessel for a tubular vessel inner diameter substan- 
tially less than 20 mm. 

18. In a blood clot filtration device for filtering 
solid and semi-solid materials from a liquid moving 40 
axially in a tubular vessel, said filtration device 
comprising; 

a head; and 

a plurality of legs having divergent leg 
portions, each said leg secured at one of its ends 45 
to said head and each having securing means on 
its end distal with respect to said head; and at least 
one general U-shaped bend intermediate its ends, 
the legs being formed of a high strengtii titanium 
alloy having a fiexural yield strain greater ttian so 
1.8%, and said head being formed by fusing to- 
gether corresponding ends of the legs, said legs, 
under a no-stress condition, conforming to a large 
base cone of diameter of about 30 mm or more, 
the legs being capable of such elastic deformation ss 
that the filter can be collapsed into a capsule of 
about 12 French extemal diameter. 
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